ABSTRACT Large female pelecinid wasps, elegant and beautiful with uniquely elongated metasoma, are found only in North, Central, and South America. These distinctive wasps are "living fossils" in a relict family of Pelecinidae. Recent discoveries of well preserved pelecinid fossils from the Middle Jurassic (165 Mya) to the Early Cretaceous (125 Mya) of northeastern China, of which Megapelecinus changi gen. et sp. nov. and Megapelecinus nashi, sp. nov. are described herein, provide strong evidence for morphological changes and evolution of pelecinids, such as body size, antennae and wing venation, over the past Ϸ165 million years. A phylogenetic analysis using 22 morphological characters, 12 extinct pelecinid taxa and one extant pelecinid taxon at the generic level suggests that Megapelecinus gen. nov. is the most basal pelecinid, whereas Cathaypelecinus Shih, Liu et , Archaeopelecinus Shih, Liu et Ren 2009, and Iscopinus Kozlov, 1974 forming a basal clade. Natural selection is demonstrated in pelecinids by the preference of larger female body size offering potentially better ovipositing capability and more efÞcient forewing venation with an X pattern providing potentially stronger wing structure and better ßight performance for large-sized pelecinids. Furthermore, temporal and spatial analyses indicate that the most parsimonious hypothesis is that pelecinid might have originated from Northeastern China, spread to Central and Eastern Asia, and then dispersed to Americas.
totrupoidea into two natural groups: 1) Pelecinidae, Vanhorniidae, Heloridae, Roproniidae, Peradeniidae, and Proctotrupidae; and 2) Monomachidae, Austroniidae, and Diapriidae (Masner 1993) . Sharkey (2007) recently elevated the MonomachidaeϩDiapriidaeϩ Maamingidae as the superfamily Diaprioidea.
Recently, we collected two well-preserved fossil pelecinids from the Yixian formation in Huangbanjigou Village, Beipiao City, Liaoning Province, China. One specimen with a total body length of 50.9 mm is the largest fossil record of pelecinids as of this publication. Based on these fossils, one new genus with two new species, Megapelecinus changi, gen. et sp. nov. and Megapelecinus nashi, sp. nov., of the subfamily Iscopininae are described herein.
Huangbanjigou section yielded abundant animal and plant fossils, at least 16 orders and Ͼ100 families and 500 species were reported from this location (Chen et al. 2004 , Ren et al. 2010 . The age of the Yixian Formation remains contentious. Three different opinions about the age: the Late Jurassic (Zheng et al. 2003) , the Late Jurassic-Early Cretaceous (Wang et al. 2005) , and the Early Cretaceous (Zhou et al. 2003) , have been proposed based on both biostratigraphic and radiometric geochronologies. By comparing the Yixian biota with the Solnhofen biota of Germany, the Purbeck biota in England and the Late Jurassic Terori-type and Ryoseki-type ßoras in Japan, Wang et al. (2005) considered the synthetic age of the Yixian Formation as the Late Jurassic-Early Cretaceous (the Late Tithonian to the Berriasian).
Due to delicate nature of insect body and wing structure, well preserved insect fossils with detailed venations and discernible body parts are quite rare. Based on two new exquisitely well-preserved pelecinid fossils recently collected in northeastern China and other specimens, both fossil and extant, described in literature, we are privileged to have a rare opportunity to study morphological changes of pelecinids and phylogenetic relationships among extant and fossil genera and document evolution at work regarding body size, antennae, and wing venation over the past Ϸ165 million years.
Materials and Methods
The specimens were examined using an MZ12.5 dissecting microscope (Leica, Wetzlar, Germany) and illustrated with the aid of a drawing tube attachment. All specimens are deposited in the Key Lab of Insect Evolution and Environmental Changes, College of Life Sciences, Capital Normal University (CNU) in Beijing, China. Morphological terminology and the system used here follow that of Mason (1986) , Johnson and Musetti (1999) , and Zhang and Rasnitsyn (2004) .
Phylogenetic analyses including 22 morphological characters, of which three are nonwinged characters, were conducted. Except for one fossil genus, all other fossil genera have been described exclusively by either male or female. Because female and male pelecinids have signiÞcant sexual dimorphism in metasoma, main characters of wing venation were emphasized (19/22) to make the analyses feasible. The characters and their states are deÞned in Table 1 .
The cladogram was rooted using the following two outgroup genera represented by Spherogaster coronata Zhang and Zhang, 2001 (Heloridae) and Liaoropronia regia Zhang and Zhang, 2001 (Roproniidae) . The outgroup selection was based on the family phylogeny of Proctotrupomorpha (Ronquist et al. 1999) . The selected outgroups belong to the clades that are close to 3. Extended direction of Þrst abscissa of Rs: (0) strongly inclined toward base of forewing; (1) slightly inclined toward base of forewing. 4. Rs 1 : (0) straight and reaching the anterior margin before the apex of forewing; (1) not reach the anterior margin of forewing or nebular in the distal half; (2) arching anteriorly, then bending posteriorly and reaching toward the apex. 5. Rs 2 : (0) absent; (1) short; (2) distinct long or nebular in the distal half. 6. Length of crossvein 2r-rs: (0) longer than width of pterostigma; (1) as long as or slightly longer than width of pterostigma; (2) shorter than width of pterostigma. 7. Position of crossvein 2r-rs: (0) arise basal one fourth of pterostigma; (1) arise middle one third of pterostigma; (2) arise distal one fourth of pterostigma. 8. Extended direction of crossvein 2r-rs: (0) almost perpendicular to pterostigma; (1) slightly oblique apicad; (2) signiÞcantly oblique apicad. 9. Rs fork: (0) absent; (1) the sister group comprising Pelecinidae and Proctotrupidae and that are more plesiomorphic than the sister group. Due to proctotrupidsÕ reduced venation, the cladogram was not rooted if using Proctotrupidae as an outgroup, even though it is the sister group of Pelecinidae.
The ingroup consists of 14 genera described up to date, including the extant genus, Pelecinus, 12 previously described fossil genera and Megapelecinus gen. nov. reported herein. The generic representatives and characters with their character states are shown in Table 2 .
The present phylogenetic analyses were undertaken in NONA 2.0 (Goloboff 1997) , with the options of "hold 10,000; mult 1,000" and in WinClada version 1.00.08 interface (Nixon 2002) . Character codings were set up by using Nexus Data Editor 0.5.0 (Roderic 2001) with all characters unordered and of equal weight. Etymology. The generic name is a combination of the preÞx "mega", referring to large body size, and the type generic "pelecinus". Gender feminine. Holotype Female. A very large adult with a total body length of 50.9 mm (Figs. 1A and B and 2A) . Head is round and large (relative to mesosoma in width), 2.2 Scape is thinner basally and thicker apically, apex wider than pedicel and ßagel-lum. Pedicel is short and quadrate, less than half as long as scape. First ßagellomere is cylindrical, slightly longer than scape; subsequent ßagellomeres gradually decreasing in length from base to apex; but terminal ßagellomere is longer than preceding segment and rounded apically. Antennae are 12.6 mm long and length ratio of antennae to body is 0.248. Mesosoma is poorly preserved with a length of 8 mm. Pronotum is very short dorsally (relative to the remainder of the mesosoma); mesosoma notauli distinctly and arched inwards; Propodeal sculpturing reticulate.
Systematic

Megapelecinus changi
Forewing is 13.1 mm long and 4.5 mm wide, with pterostigma longer than wide and acute apically (Figs. 1C and D and 2A and C) . 2r-rs arises from about basal one third of pterostigma, slightly oblique apicad, length is about half of pterostigmal width. Outer margin has straw yellow faint speckles. Other details of venation are referred to diagnoses of genus and species and Fig. 2C . Hind wing has only C present along anterior margin and straw yellow faint speckles on outer margin. Hind wing length is less than half of the forewing.
Right foreleg has femur suboval; tibia gradually broadened apically, as long as femur (2.3 mm long). Tarsus has two claws (Fig. 2D) . Left mid femur is 3.2 mm long; tibia, 3.2 mm long. Mid tibia and tarsus are covered with dense hairs; two spurs are at the end of left tibia and a claw is visible at the end of last tarsomere (Figs. 1E and G and 2E) . Right hind leg is poorly preserved missing coxa and trochanter and part of tarsus. Right femur is strong; tibia is as long as femur (4.2 mm long). Only two segments of tarsi are present (Fig. 2F) .
First metasoma segment is suboval; 0.8 times as long as mesosoma. Second segment is trapezoid with base wider than apex. First and second segments are broader than others, and Þrst broader than second. Third through Þfth are slender; sixth medial is slightly expanded and blunt apically. Metasoma total length is 40.7 mm, lengths of metasomal segments are 5. 9, 6.4, 8.6, 8.4, 6.7, and 4.7 Type Material. HOLOTYPE. CNU-HY-LB2006036-1, part and -2, counterpart: a well preserved almost complete body with antenna, wings, and parts of legs.
Locality and Age. Collected from the Yixian Formation at Huangbanjigou Village, Beipiao City, Liaoning Province, the Late Jurassic-Early Cretaceous (the Late Tithonian to the Berriasian).
Etymology. The speciÞc name of changi is in honor of Yung-Chang Chang for providing guidance and inspiration to C.S. Diagnosis. Antennae are long with 22 segments. Forewing has Þrst abscissa of Rs two times as long as that of M and cell 1mcu small, narrow and nearly trapezoid with 1m-cu slightly shorter than Þrst abscissa of M. First metasomal segment is only slightly broader than second and subsequent segments.
Megapelecinus nashi
Holotype Female. A large adult with a total body length of 27.9 mm (Figs. 3A and B and 4A) . Head is small-sized (relative to mesosoma in width), subtriangular, transversely broad and widened posteriorly, 1.1 mm long and 1.6 mm wide. Eyes are medium sized, oval and vertex is twice as broad as eye.
Antennae, with 22 segments, are Þliform, long and nearly reaching the end of metasoma Þrst segment (Figs.  3AÐD and 4A ). Antennae are 8.5 mm long and length ratio of antennae/body is 0.305, the highest ratio among all fossil pelecinids. Scape is thick and twice as long as wide; thinner basally and thicker apically; apex is slightly wider than ßagellum. Pedicel is square-shaped, short and approximately half as long as scape. First ßagellomere is cylindrical and two times as long as scape. Subsequent ßagellomeres gradually decrease in length from base to apex (Figs. 3D and 4A) .
Pronotum is comparatively long laterally (relative to the remainder of the mesosoma); mesoscutum is medium sized relative to the mesothorax; scutellum is arched strongly; metanotum is short, less than half length of scutellum; propodeum is coarsely areolated. Mesosoma is 4.7 mm long and 2.7 mm high (lateral).
Length of forewing is 7.2 mm and width, 2.6 mm (estimated) (Figs. 3C and 4B ). Pterostigma is long and narrow basally, gradually broadening toward medial and acute apically. 2r-rs arises from about midlength of pterostigma slightly distad, slightly oblique apicad and shorter than pterostigmal width. Other details of venation are referred to diagnoses of genus and species and Figs. 3C and 4B. Hind wing is not preserved.
Forelegs are partially preserved; forecoxa is oval, smaller than mid coxa and hind coxa. Mid coxa and hind coxa are almost of same size, oval, and large. Due to poor preservation, mid trochanter is invisible, mid tarsi visible but tarsomeres hard to discern. Mid femur is gradually broadened apically, mid tibia, clavate. Hind coxa is oval and large, trochanter trapezoid, femur clavate, and tibia is gradually broadened apically and slightly longer than femur. Length of hind coxa is 1.3 mm, trochanter 0.6 mm, femur 2.8 mm, tibia 3.8 mm, and tarsi 3.8 mm. Hind tibia and tarsi are covered with dense hairs (Fig. 3E) . A tibial spur is at the end of tibia and two claws are visible at the end of last tarsomere (Fig. 4C) .
First metasomal segment, showing darker impression color on the fossil, is 0.8 times as long as mesosoma; middle Ϸ1.6 times as high as base and apex; only slightly broader than second segment. Height of second segment is nearly the same as Þrst apex. The third and fourth segments are 0.8 times as high as the second. The Þfth and sixth are 0.8 times as high as the fourth. Sixth segment is acute apically, slightly falcate. Metasoma is 22.1 mm long with segment lengths of 3.6, 3.2, 4.5, 4.4, 3.5 and 2.9 mm (Figs. 3A and B and 4A) .
M. nashi can be differentiated from M. changi in its relatively smaller body size (27.9 mm), less antennae segments (22 segments), longer antennae (nearly reaching the end of metasoma Þrst segment and length ratio of antennae/body is Ϸ0.305), metasoma shape (only the Þrst segment slightly broader), and wing venation as shown in the speciÞc diagnosis. Type Material. HOLOTYPE. CNU-HY-LB2006040-1, part and -2, counterpart: a well-preserved adult.
Locality and Age. Same as those of M. changi. Etymology. The speciÞc name of nashi is dedicated to Zeb Nash for being a colleague and friend providing guidance, support, motivation and inspiration to C.S.
Phylogenetic Results
The phylogenetic analysis resulted in a single tree of length 54, CI 0.64, and RI 0.64 as shown in Fig. 5 .
Megapelecinus, as the sister to clade 1 and at the base of the ingroup, is supported by 2r-rs shorter than width of pterostigma (char. 6:2) and low length ratio of second section of Rs versus section RsϩM beyond cell 1mcu (char. 19:2). The monophyly of clade one is supported by 2r-rs arising middle one-thirds of pterostigma (char. 7:1)and 2cu-a distal to 1m-cu (char. 17:2). Archaeopelecinus and Iscopinus form a sister group supported by Rs 2 short (char. 5:1), whereas Cathaypelecinus is assigned as its sister. Clade 2 is a monophyletic group supported by 14 segments of an- tenna (char. 20:2). Clade 3, which is monophyletic group, is divided into two monophyletic subclades. One subclade, comprising Scorpiopelecinus, Sinopelecinus, Eopelecinus and Allopelecinus, is supported by Rs 1 not reaching the anterior margin of forewing or nebular in the distal half (char. 4:1). The two latter subclades form a sister group because of signiÞcant reduced venation with only C and R present (char. 1:1). But the assignment of Scorpiopelecinus and Sinopelecinus is not conÞrmed because of poorly preserved venation. Within the other subclade, mainly supported by Rs 2 distinct long or nebular in the distal half (char. 5:2), the extant genus of Pelecinus is placed as the most advanced group of the tree with Pelecinopteron, Henopelecinus, and Protopelecinus, whereas Shoushida is assigned as the sister in the subclade. These four form a monophyletic group supported by Rs 1 arching anteriorly, then bending posteriorly and reaching toward the apex (char. 4:2). The statement by Carpenter (1992) that the forewing of Pelecinopteron is similar to that of Pelecinidae (recent) is consistent with this result. However, the assignment of Henopelecinus is not conÞrmed, probably caused by many missing character states due to poor preservation. The exact evolutional relationship of this subclade is unresolved forming a polychotomy.
Discussion
Based on eight specimens of A. tebbei, A. jinzhouensis, and C. daohugouensis ) and 14 other newly collected specimens housed in the CNU collection, the body sizes of female pelecinids in the Middle Jurassic ranged between 9 and 22.7 mm. Female pelecinid fossils from the Late Jurassic to Early Cretaceous, as reported in literature, include a large specimen of E. yuanjiawaensis (Duan and Cheng 2006) with a body size of 23.2 mm as preserved (missing part of the sixth metasomal segment), and a tiny E. minutus (Zhang and Rasnitsyn 2004 ) with a body size of 3.8 mm. With the new Þnding of M. changi and M. nashi, the size range of female pelecinids in the Late Jurassic to Early Cretaceous has been expanded to between 3.8 and 50.9 mm. The broadening trend of size range suggests that diversifying food sources and broadening varieties and sizes of parasitic hosts have existed and matched suitably with various sizes of pelecinids in the Late Jurassic to Early Cretaceous. Another interpretation of the expansion in size range may be the existence of gregarious parasitism, as is observed in many species of Proctotrupidae.
As mentioned, total body length of extant Pelecinus females varies from Ϸ20 Ð90 mm, with a typical length of Ϸ50 mm, which is on the high end of size distribution of the fossil pelecinids. Only six of Ͼ116 pelecinids from the Yixian Formation collected by the CNU are larger than 27 mm, suggesting frequency of large pelecinids during the Late Jurassic to Early Cretaceous was fairly low. However, we cannot rule out possibility of a bias for preserving less large specimens in the fossilization process. From the Early Cretaceous to now, continuing coevolution of host beetle larvae and pelecinids seemed to favor female pelecinids with larger body size. Metasoma length might have become a natural selection criterion probably because longer ones could offer better capability and farther reach to locate and deposit eggs into the underground hosts.
Nevertheless, evolution toward larger body size for pelecinids is an exception, rather than a rule, for members of Proctotrupoidea, because all other extant species are minute to small. For example, extant Heloridae have body sizes of 6 Ð 8 mm and Roproniidae 5Ð10 mm (Masner 1993) . Smaller body size may have better advantages of agility, stealth, ßexibility, and energy conservation in Þnding and depositing eggs onto defenseless surface larval hosts that do not require a long metasoma to locate.
Number of antennal segments, in general, decreases as insects evolved from primitive to modern. For example, fossil Heloridae and Roproniidae found in the Late Jurassic to Early Cretaceous had 26 and 24 segments, respectively (Zhang and Zhang 2001) , whereas extant representatives have only 15 and 14, respectively (He et al. 2005 , Achterberg 2006 ). Pelecinids seem to conform to this rule of thumb, with a high segment numbers for M. changi (26) and M. nashi (22), the most basal pelecinids, and then the decreasing trend continued in evolution of subsequent species. Cathaypelecinus had 17 and up to 21 antennal segments and Archaeopelecinus 17 and up to 23 segments ), whereas 18(?) segments were reported for I. baissicus (with poor preservation of antennae) (Kozlov 1974). Other described fossil pelecinids of the same or younger geological age had 13Ð15 segments except for 16 segments for S. viriosus. The extant pelecinids have 14 segments. It seems the high number of antennomeres in Megapelecinus might have been a holdover from an earlier ancestor.
Wing venation, essential for ßight biomechanics, is an important part of insect structure for its well-being, survival and propagation. Veins of fully functional wings are formed by space between two thin layers of integument in the wing membrane, where the cuticle is thicker and more sclerotized. Major veins serve as conduits for nerve, trachea and blood ßow (Chapman 1998) . Due to high force and stress imparted to the wing during insect ßights, veins provide structure, support and rigidity to the wing membrane to optimize aerodynamic performance of wings. From a macro perspective at order level, evolution of insects clearly demonstrates the processes of "Þt for purpose" resulting in a wide range of different venation characters to meet unique needs and requirements of all orders. For example, different wing structures and venations for Ephemeroptera, Odonata, Orthoptera, Diptera, Coleoptera, Lepidoptera, and Hymenoptera illustrate characteristic progress of evolution from primitive to more advanced insect orders.
Based on the aforementioned phylogenetic results and the tree in Fig. 5 , we present two outgroups and pelecinid generic representatives with their respective characteristic forewings in geological context in Fig. 6 .
Key Morphological Changes of Forewing Venation
Forewing Rs 1 straight and reaching anterior margin of the wing before or much before apex of wing for M. changi, C. daohugouensis, A. tebbei, I. baissicus, and P. excellens. But, for H. pygmaeus, P. tubuliforme , and extant pelecinids, Rs 1 arching anteriorly before extending to wing apex. S. regilla and P. furtivus show a transition state between these two groups, with P. furtivus closer to the latter group.
A short Rs 2 was present for A. tebbei and I. baissicus but absent for M. changi, A. jinzhouensis, C. daohugouensis, and P. excellens. For S. regilla, P. furtivus, H. pygmaeus, P. tubuliforme, and extant pelecinids, Rs 2 is well developed and forms an X pattern with Rs, 2r-rs, and Rs 1 .
Cell 1mcu is small and nearly triangular in A. tebbei and A. jinzhouensis, which is rather unique for pelecinid. Cell 1mcu is small, four sided, nearly trapezoid, with RsϩM and Cu not parallel and 1m-cu shorter than the Þrst abscissa of M in C. daohugouensis, I. baissicus, M. nashi, P. excellens, S. regilla, and P. tubuliforme. It is trapezoid with RsϩM and Cu parallel and 1m-cu as long as the Þrst abscissa of M for P. furtivus and M. changi, and relatively large sized and four sided in extant pelecinids.
These venation changes clearly demonstrate the processes and mechanisms of evolution at work, as outlined below.
NatureÕs "trial and error." For Megapelecinus, the forking point that Rs and M arising from RsϩM after cell 1mcu is located distally and anteriorly, close to the basal one third of pterostigma. This results in a smooth and anteriorly arching RsϩM and M and also creates a very short Rs that, after intersecting 2r-rs, becomes a short Rs 1 leading toward the anterior part of the wing. The venation of M. changi with a short Rs 1 reaching anterior margin and a single M vein supporting a broad surface area of the anterior and apical part of the wing seemed to give larger pelecinids of M. changi more rigidity and support on the anterior part of forewing to gain better ßight performance. This implies "Þt for purpose" during the Late Jurassic to Early Cretaceous, but evidentially the "layout" of a single M vein was not optimal in supporting very large-sized pelecinids biomechanically. Thus, in the subsequent evolution process, this "layout" was not passed on to the extant species. This was an interesting case of natureÕs trial and error by natural selection.
Natural selection: The X pattern formed by Rs, 2r-rs, Rs 1 , and Rs 2 seems to be an optimal "layout," based on natural selection, in providing structure, support, and rigidity of the large-sized extant pelecinids from a biomechanical viewpoint. In the northeastern China, during the Late Jurassic to Early Cretaceous, the Þrst X pattern was developed and evolved in S. regilla, which coexisted with many pelecinids without the X pattern. This unique X might have been passed on to P. furtivus in the Early Cretaceous of Baissa, Russia. It is worth noting that coexisting with them in Baissa was I. baissicus, which did not have the X pattern, and showed more resemblance to that of C. daohugouensis. The X pattern also was found in H. pygmaeus (Engel and Grimaldi 2006) in New Jersey amber in the Cretaceous (Turonian, Ϸ90 Mya) and P. tubuliforme (Engel 2002) in the Baltic amber in the Middle Eocene (Lutetian, Ϸ45 Mya), which continued to prevail in the extant pelecinids in the Americas now.
All are not lost in evolution. Forewing venations of fossil Heloridae and Roproniidae, two families of Proctotrupoidea, found in the Late Jurassic to Early Cretaceous (Zhang and Zhang 2001) , and of the extant Heloridae and Roproniidae (Masner 1993 , He et al. 2005 , Achterberg 2006 ) have similar basic "layout" symplesiomorphies as those of A. tebbei (triangular 1mcu cell) and C. daohugouensis (nearly trapezoid 1mcu cell) but with some minor modiÞcations (Fig.  6 ). These symplesiomorphies not only support MasnerÕs grouping of these three families mentioned above but also suggest that these families were derived from a more basal ancestor group and by the Middle Jurassic, these wasps were well diversiÞed. Thus, over the past Ϸ165 Mya, this ancestral "layout" of Rs 1 reaching anterior margin without the X pattern, cell 1mcu triangular or nearly trapezoid, and a single M vein supporting a broad wing surface area has been proven to be an evolutional winner for small helorids and roproniids with total body sizes in the range of Ϸ5Ð10 mm.
According to the temporal and spatial distribution of pelecinids, the most parsimonious hypothesis is that the basal species initially originated in northeastern China and spread to central and eastern Asia (Fig. 6) . During the Middle to Late Cretaceous (100 Ð 80 Mya), Asia and western North America became connected by the Bering land bridge through which pelecinids could have migrated from the Eastern Palaeoarctic to North America (Sanmartin et al. 2001 ). The Panama land bridge connecting the North America and the South America emerged Ϸ3 million years ago, allowing an easy pathway for pelecinids to migrate further from North America to Central and South America. However, some pelecinids might have migrated much earlier using a sustained series of islands across the North AmericaÐSouth America gap as stepping stones, for example, the proto-Greater Antilles terrestrial corridor was sufÞciently emergent after the Middle Eocene (49 Mya) (Archibald et al. 2005 ).
In summary, recent discoveries of new pelecinid fossils and this study provide insight into morphological changes, phylogeny, and evolution of pelecinids. Natural selection has been demonstrated in pelecinids by the preference of larger female body size offering potentially better ovipositing capability and more efÞcient forewing venation providing potentially stronger wing structure and better ßight performance for large-sized pelecinids. Using the Rs 2 vein in an X pattern provided better wing support and ßight performance, thus, leading to phasing-out of the suboptimal wing venation of, e.g., M. changi, M. nashi, and C. daohugouensis. However, the suboptimal ancestral layout, deÞcient in supporting large body size, turned out to be an evolutional winner for the small-sized extant Heloridae and Roproniidae. Temporal and spatial analyses indicate the most parsimonious hypothesis is that pelecinid might have originated from northeastern China, spread to Central and eastern Asia, and then migrated to Americas. The locality and distribution of fossil and extant pelecinid has suggested that migration, isolation, and subsequent local environmental factors (e.g., climate, plant diversity, food source, predator, and parasitic hosts) might have played important roles in the evolution of pelecinids.
